Abstract. Graphene oxide (GO) modified Ag 3 PO 4 nanoparticles with highly visible light photocatalytic activities were prepared by a facile chemisorption method. The resulting GO/Ag 3 PO 4 composite photocatalysts were characterized by X-ray diffraction (XRD), scanning electron microscopy (SEM), transmission electron microscopy (TEM) and ultraviolet-visible diffuse reflectance spectra (DRS). The enhanced photocatalytic activities were mainly ascribed to the strong conductivity of graphene, which led to an improved separation efficiency of electron-hole pairs. The highefficient hybrid photocatalysts are expected to show considerable potential applications in wastewater treatment and water splitting.
Introduction
In recent years, the haze seriously affecting the people's quality life, how to protect the environment is an urgent problem to be solved. Besides,with the increasing problem of environmental pollution and energy crisis, photocatalytic technology has been greatly noticed and widely applied. The emergence of photocatalytic technology,which is considered as an efficient, stable and environmentally friendly method [1] , provides us with an ideal way to remove or degrade these organic pollutants under light irradiation. It has been reported in many literatures that the pure Ag 3 PO 4 is a visible-light-driven photocatalyst, exhibiting high efficiency in water oxidization and photocatalytic degradation of organic dyes [2] . However, Ag 3 PO 4 can be easily reduced to Ag under the visible light irradiation [3] , which causes low reusability and stability. What's more, the wide application of Ag 3 PO 4 is restricted by the inherent drawbacks, including the high recombination rate of photo-generated charges, the weak stability in photocatalysis process as well as the high cost of Ag-containing chemicals [4] . In addition, the Ag 3 PO 4 nanoparticles can readily aggregate into micrometer-sized particles in aqueous solutions according to the literature [5] . Thus, improving the stability of Ag 3 PO 4 is significant in the exploitation of its photocatalytic application.
To date, some visible-light-driven photocatalysts, such as Ag based photocatalysts [6] , Bi 2 WO 6 [7] , BiVO 4 [8] , C 3 N 4 [9] and TiO 2 xNx [10] have been developed for photocatalytic water-splitting and degradation of organics in wastewater. In this paper, we report a facile synthesis of GO/Ag 3 PO 4 composite by chemisorption method. Due to oxidized graphene, the oxygen-containing functional groups on the increase in the nature are more active than the graphene, which can be through a variety of oxygen-containing functional groups to improve their properties.
Experimental

Chemicals
All of the reagents used in this study were analytical grade and not further purified.
Synthesis
The pure Ag 3 PO 4 Preparation
The Ag 3 PO 4 nano-particles were generated by an ordinary precipitation method. 0.540g of Na 2 HPO 4 .12H 2 O was dissolved into 20mL distilled water stirring for 30min at room temperature, and 0.540g of AgNO 3 was dissolved into 20mL distilled water stirring for 30min at room temperature in different beakers. The former solution was dropwise added into the latter under magnetic stirring for 60min. The obtained yellow sediment was collected and then washed with distilled water and absolute ethanol for three times, finally it was dried at 60°C overnight.
The GO/ Ag 3 PO 4 Composites Preparation
GO suspension was synthesized through chemical exfoliation of graphite powder via a modified Hummers' method [11] .The GO/ Ag 3 PO 4 composite was prepared by a facile chemisorption method [12] . In brief, 0.5ml GO was dispersed into deionized water (30mL) with sonication for 1h, and then 3ml of 0.03M AgNO 3 was added into the GO dispersion to obtain a homogeneous phase after stirring for 60min at room temperature. The electrostatically driven assembly of positively charged Ag + ions on the negatively charged GO sheets was achieved. And then 2ml of 0.05M Na 2 HPO 4 ·12H 2 O was added dropwise into the Ag + /GO dispersion, under magnetic stirring for 60 min, then generating a yellow-brown precipitate, which was the GO/ Ag 3 PO 4 composite. The obtained yellow-brown precipitate was collected and then washed with distilled water and absolute ethanol for three times, finally it was dried at 60°C overnight.
Structural Characterization
The surface morphology of the samples using the Field-emission scanning electron microscope (FESEM, Hitachi S-4800). Transmission electron microscopic (TEM) images of the GO/ Ag 3 PO 4 nanocrystals were taken on a JEM-2100 electron microscope. TEM samples were prepared by dropping the nanocrystal solution onto a carbon coated copper grid. The phase structures of the samples were studied by X-ray diffraction (XRD, Bruker AXS D8-discover). The methylene blue UV absorbance were investigated by UV-visabsorption (Hitachi U-3900). Fig. 1(a) shows the SEM images of Ag 3 PO 4 nanoparticles.As shown,the Ag 3 PO 4 particles display agglomeration phenomenon , and the size of the particle is very irregular and larger, which resulting in poor photocatalytic effect. Fig. 1 (b) provides the SEM images of the GO/Ag 3 PO 4 composite photocatalysts, it can be seen that the particles of silver phosphate are wrapped with the graphene oxide sheet, and the particles of silver phosphate are smaller, evenly distributed on the graphene oxide layer. Due to the conductivity of graphene oxide sheet, it can greatly increase the separation of photoelectrons and holes from silver phosphate and further increase the photocatalytic activity of silver phosphate. Fig. 2 , the XRD peak at 10.15° can be assigned to GO (001) facets,and all the diffraction peaks of pure Ag 3 PO 4 are coincided with the standard data (JCPDS card no. 70-0702) [13] . The XRD peak intensities of Ag 3 PO 4 in the composites of GO/ Ag 3 PO 4 shows little decrease compared with the pure Ag 3 PO 4 , suggesting that the GO almost has no influence on the crystallize structure and phase composition of Ag 3 PO 4 [14] . While ensuring the efficient photocatalytic performance of silver phosphate. Fig. 3 is the representative transmission electron microscope (TEM) image of GO/ Ag 3 PO 4 composite photocatalysts. As shown in Fig. 3 , the TEM presented detailed morphology information of GO/ Ag 3 PO 4 , which indicates graphene sheets are wrapped around silver phosphate,which increasing the electron conduction velocity of silver phosphate. Figure 3 . the TEM images of GO/Ag 3 PO 4 composite.
Results and Discussion
Otherwise, photocatalytic activities of the samples were evaluated by measuring the degradation of methylene blue inaqueous solution with a 500 W xenon lamp equipped with a 400 nm cut-off filter. 20mg photocatalysts were dispersed in100 ml 10mg/L MB solution and stirred in dark for 30min to reach sorption equilibrium. At 10 minintervals, 4 ml solution was collected and centrifugated to remove the residual photocatalysts. The concentration of the remnant MB solution was monitored by UV-vis spectrophotometer. Fig. 4 It can be seen from Fig. 4 that the highly improved performance of photocatalytic degradation of dyes after enriched graphene and silver phosphate may be ascribed to the strong conductivity of graphene, which increases the migration of photogenerated electrons, reduces photogenerated electrons and holes compound, and further improved the photocatalysis of this composites [15] . What's more, the surface can react with the oxide graphene to produce grapheme to inhibite the photo-electron recombination, which is another important reason. 
Conclusions
In this study,we prepared the Graphene oxide (GO) modified Ag 3 PO 4 nanoparticles by a simple way, which shows an excellent photocatalysis under visible light. Further, the mechanism of the photocatalysis is discussed, which could be ascribed to the GO could provide an superduper way to transport the photo-generated electrons that could separate the photon-generated carrier efficiently to improve the photocatalysis. What's more, the surface effect is another important reason. This design may provide us an new way to prepare novel photocatalyst in future.
